Abstract. Coalescence effect of the surface disposal devices is greatly impacted by the large amount of aging oil because of its complicated interfacial properties, which heavily affects oil production. The typical aging oil properties are evaluated, interfacial properties and the causes of formation are discussed in the paper. It is not efficient enough for aging oil to be disposed only with the methods of the chemical or electric-field, even though the later one has many advantages in breaking oil-water interfacial film. The water content in oil, oil content in water and the oil-water interface properties after separated can meet the industrial standard by the integration disposal of the two methods. But the pulse DC power supply must be selected in the electric-field formation so that the instantaneous high power electric pulse can be created without electrodispersion, which can easily break the oil-water interfacial film and prevent current leakage. Besides, the aging oil disposal process is designed and the operating parameters are also optimized in the paper.
Introduction
Dehydration is a significant link of crude oil treatment system. With the development of oilfield entering high water cut stage and application of enhanced oil recovery technologies, more and more aging oil are produced during crude oil production and treatment process [1, 2] . The aging oil is characterized by strengthened emulsification and thick oil-water interfacial film, which is challenge for aging oil dehydration. If the water cut of dehydrated oil is higher than allowable value, the damage is enormously. Such as the storage, transportation and refining of oil are more difficulty, and the equipments can be corroded and the mechanical admixtures will deposit at pipe wall [3] . Therefore, appropriate dehydration process is the premise for ensuring the quality of dehydrated aging oil.
Crude oil dehydration includes free water and emulsifying water. Usually the dehydration process of free water is transporting produced liquid to settling tank and achieved oil and water separation by gravity settling [4] . But the emulsifying water is difficult to be separated. In the world, the main dehydration technologies of emulsifying water are ultrasonic method, thermo-chemical and electric dehydration, recently [5, 6] . The electric dehydration technology is widely used in the crude oil treatment system because of high efficiency and fast speed. And according to kinds of electric fields, the dehydration technologies mainly include alternating current, direct current and pulse power supply.
Properties of Aging Oil
In oilfield, the aging oil, such as bailing oil, landing oil and sump oil in settling tank, is stored up over a long time, and contains a large number of mechanical admixtures, sulfate reducing bacteria (SRB) and sulfides, which is difficult to be dealt with. Under aeration conditions, the thickness and intensity of oil-water interfacial film of emulsion will be strengthened because of the effects of air, temperature, mechanical admixtures and various emulsifiers, which will accelerate the aging oil form.
The sulfate in produced liquid can be reduced to hydrogen sulphide (H 2 S) by SRB. The H 2 S will take chemical reaction with transporting and treatment equipments, so lots of FeS is formed. The FeS will deposit on the oil-water interfacial film to form a tight rigid film, which can prevent water-drops coalescence and stabilize oil-water transition layer. In addition, due to electrification of particles in the aging oil, the particles will make directional movement between the top and bottom electrode plates under external electric field. This will make the current going up suddenly and affect the safe running of electrical dehydrator. Moreover, the disposal difficulty of oily water will be greater and the quality of treated water will be deteriorated if the aging oil enters the water treatment process.
Due to the stronger stability of aging oil emulsion, conventional dehydration methods can not break emulsion and accomplish dehydration. In order to select an economical and effective method for aging oil dehydration, the properties of aging oil are studied by indoor experiments. This paper takes aging oils from Daqing Oilfield as case and analyses the properties of various aging oils. The experimental results are shown in Table 1 . In alternating current field or direct current field, the water drops in emulsion will make dipole coalescence, electrophoretic coalescence and oscillating coalescence due to the electric field force [7, 8] . Then the water drops will be enlarged and settling rate will be accelerated, and oil-water separation will be accomplished finally. The pulse power supply dehydration technology is established base on alternating and direct current technology. It can make high-voltage electric field without electrodispersion and the voltage is higher than alternating and direct fields. The instantaneous high power electric pulse created by pulse power supply can break the oil-water interfacial film easily. And the opportunities of water drops coalescence will be increased in the pulse electric field, so the dehydration rate will be accelerated. In addition, according to the properties and amount of oil, the pulse width will be automaticly adjusted to control the polarization time of hydrone. It can prevent current leakage caused by the regular spread of polarized hydrone [9] .
Dehydration Equipment.
The pulse power supply electric dehydrator is composed of pulse power supply equipment and electric dehydrator. The electric dehydrator is horizontal type and the size is Φ4,000×16,000mm. The pulse power supply equipment includes a high frequency pulse power supply producer and a high frequency pulse vertoro [10, 11] . The high frequency pulse power supply producer is composed of three-phase silicon rectifier, variable frequency main circuit, driving circuit, pulse width modulating circuit and pulse booster circuit. And the high frequency pulse vertoro is composed of transformer and rectifier. The high voltage and low voltage windings of transformer are two separate coils. The rectifier is composed of two reverse parallel diodes. The output power of pulse power supply equipment is 0~50kVA and the wave shape is square wave.
Main Production Parameters.
Pulse frequency, electric field strength, dehydration time and dehydration temperature are the main parameters for dehydration effect of pulse power supply electric dehydrator. Through the parameter optimization experiments, determining the optimal running parameters is significant for high-efficient dehydration and energy saving.
Pulse Frequency.
The resonance phenomenon will happen when the pulse frequency is equal to or close to the intrinsic oscillation frequency of emulsion droplets. At this point, the amplitude of the droplets is the greatest and the stability is the worst. The oil-water film will be broken by mechanical vibration and adjacent water drops will coalesce to form new drops with bigger diameter, which will increase the settling rate and make it easy to achieve oil-water separation. According to the experimental results, 2kHz is the optimal frequency for aging oil dehydration in Daqing Oilfield.
Electric Field Strength.
The coalescence force between water drops will increase with the increase of electric field strength. But the increasing tendency of coalescence force is not linear. When the electric field strength reaches a certain extent, electrodispersion, which is bad for dehydration, will happen. So it is necessary to determine optimal electric field strength, which not only ensures enough coalescence force but also avoids electrodispersion happening. According to the experimental results, 2,000V/cm is the optimal electric field strength for aging oil dehydration in Daqing Oilfield.
Dehydration Time.
The dehydration rate will increase with the increase of dehydration time. But when water cut of dehydrated oil reaches a certain value, it no longer changes with the increase of time. In order to ensure the quality of dehydrated oil and save power, optimal dehydration time should be determined. According to the experimental results, 100 minutes is the optimal dehydration time for aging oil dehydration in Daqing Oilfield.
Dehydration Temperature.
The viscosity of emulsion will decrease with the increase of temperature, which will intensify the thermal motion of droplets and increase the opportunities of colliding and coalescence. But the heating also brings some disadvantages, such as light component volatilizing, investment increase and power waste. So it is significant to determine optimal dehydration temperature. According to the experimental results, 60℃ is the optimal dehydration temperature for aging oil dehydration in Daqing Oilfield.
Establishment and Optimal Selection of Aging Oil Dehydration Process

#1 Scheme.
As shown in Fig. 1 , the overall process of dehydrating station adopts two-stage dehydration technology, the first is free water dehydrator and the second is pulse power supply electric dehydrator. The process can be applied in common oil dehydration and aging oil single dehydration. Due to the lots of impurities in aging oil, which is easy to attach at the electrodes in electric dehydrator, the stability of electric field is reduced. So the electrodes are hanged vertically. When the process is used for common oil dehydration, the treatment flowrate should be 60m 3 /hour. And the water cut of dehydrated oil is lower than 0.3% under the optimal running parameters. When the process is used for aging oil dehydration, the treatment flowrate should be 30m 3 /hour. And the water cut of dehydrated aging oil is lower than 0.3% under the optimal running parameters.
Fig. 1. Sketch Map of Pulse Power Supply Dehydration Process
The dehydration technological process is following: The free water in liquid from transfer station or receiving pump is dehydrated by free water dehydrator. When the water cut of dehydrated oil below 30%, the oil will be transported into heating furnace. And the oil will flow into pulse power supply electric dehydrator to dehydrate emulsifying water when oil temperature reaches 60℃. Then the purified oil will enter into buffer tank to wait for transporting away. The separated water dehydrated by free water dehydrator and pulse power supply electric dehydrator will be transported to water treatment station.
#2 Scheme.
As shown in Fig. 2 , the overall process of dehydrating station adopts two-stage dehydration technology, the first is free water dehydrator and the second is pulse power supply electric dehydrator. Also, the electrodes are hanged vertically. Compared with #1 scheme, the difference is that an ultrasonic dehydration plant is installed ahead of the pulse power supply electric dehydrator. When the process is used for aging oil dehydration, the treatment flowrate should be 50m 3 /hour. And the water cut of dehydrated aging oil is lower than 0.3% under the optimal running parameters.
The dehydration technological process is following: The free water in liquid from transfer station or receiving pump is dehydrated by free water dehydrator. When the water cut of dehydrated oil below 30%, the oil will be transported into heating furnace. And the oil will be re-dehydrated by ultrasonic dehydration plant when oil temperature reaches 60℃. Then the re-dehydrated oil will flow into pulse power supply electric dehydrator. The purified oil will enter into buffer tank to wait for transporting away. The separated water dehydrated by free water dehydrator and pulse power supply electric dehydrator will be transported to water treatment station. As shown in Fig. 3 , the overall process of dehydrating station adopts three-stage dehydration technology, the first is free water dehydrator, the second is thermo-chemical dehydrator and the third is pulse power supply electric dehydrator. Also, the electrodes are hanged vertically. When the process is used for aging oil dehydration, the treatment flowrate should be 50m 3 /hour. And the water cut of dehydrated aging oil is lower than 0.3% under the optimal running parameters. The dehydration technological process is following: The free water in liquid from transfer station or receiving pump is dehydrated by free water dehydrator. When the water cut of dehydrated oil below 30%, the oil will be transported into heating furnace. And the oil will enter thermo-chemical dehydrator when oil temperature reaches 70℃. Then the re-dehydrated oil will flow into pulse power supply electric dehydrator. The purified oil will enter into buffer tank to wait for transporting away. The separated water dehydrated by free water dehydrator, thermo-chemical dehydrator and pulse power supply electric dehydrator will be transported to water treatment station. 
Comparison and Optimal Selection of Dehydration Process
The optimal dehydration process is selected by comprehensive comparing the dehydration effect, construction investment, heat consumption and power consumption of the three processes above. And Table 2 shows the results. It is known that three processes all can make water cut of dehydrated aging oil below 0.3%. But the construction investment of #1 scheme is the least. The heat consumption of #1 is 36,700 kJ/tonne less than #3, which is equal to saving natural gas with 1.15m 3 when one tonne oil is dehydrated. And the power consumption of #1 is also the least. So the #1 pulse power supply dehydration process is the optimal for aging oil dehydration.
Conclusions
There are much SRB, sulfides and mechanical admixtures in aging oil, and the common methods are not suitable for its dehydration. The instantaneous high power electric pulse created by pulse power supply can break the oil-water interfacial film easily and dehydrate aging oil efficiently. The optimal running parameters, such as pulse frequency, electric field strength, dehydration time and dehydration temperature, are determined by indoor experiments. According to the field conditions, three aging oil dehydration processes are established. And the #1 pulse power supply dehydration process is selected by comprehensive comparison.
